Thermodynamic and transport properties such as mass density, enthalpy, specific heat, electrical and thermal conductivities and radiation power of N2/02 mixture plasmas at different admixture ratios were calculated in pressure range from 0.1 to 2 MPa on the assumption of thermal equilibrium condition. The first order approximation of Chapman-Enskog method was adopted to derive the transport properties. The thermodynamic and the transport properties thus derived were used to predict the temperature distributions and electric field strength of wall-stabilized N2/02 arcs in steady state at a current of 20 Ad, in order to investigate fundamental feature of N2/02 mixture arcs before current zero. The calculation revealed that the temperature at the center of the arcs had a local minimum value of 8800 K at an admixture ratio around 80% N2-20% O2 and whilst the conductance of the arc has a minimum at an admixture ratio of 100% N2 for pressure of 0.5 MPa in steady state.
Introduction
In high-voltage circuit breakers, SF6 gas is widely adopted as the arc quenching medium since it has an attractive arc quenching capability. The capability is considered to arise not only from the electronegative properties of SF6 gas and its products, but also from the high thermal conductivity at low temperature around 2000 K (1) . The use of SF6 gas as the arc quenching medium has led to the high interruption capability and the downsizing of a circuit breaker.
Recently, however, emission of SF6 gas and its prod ucts to the atmosphere has been an environmental issue because of its remarkable greenhouse effect. In order to compare the greenhouse effect of different gases, a method has been developed of estimating their global warming potentials (GWP). The GWP is the cumula tive enhancement occurring between now and a chosen later time, in relation to a reference gas, CO2. Pure SF6 gas has an extremely high GWP of 23 900 over 100 years. Thereby, in the third Conference of Parties to the U.N. Framework Convention on Climate Change (COP3) held in Kyoto, Japan in 1997, developed coun tries were required to reduce the generation of six green house gases like CO2 as well as SF6 gas by on average 5.2 percent by the period 2008-2012 (2) .
Much effort have been made to find out an alterna tive gas of SF6 gas for arc quenching medium until now. However, none of gases with small GWP and attractive arc quenching property has been able to be found yet. Gas mixtures such as SF6/N2, SF6/CF4 and SF6/C2F4 have been developed to utilize for the arc quenching medium(3)-(7). These SF6 gas mixtures are expected to be used for the moment, however, the use of these mixtures is not an essential resolution of the environ mental issue.
The atmosphere, that is air, is composed mainly of 78%-nitrogen and 22%-oxygen, which are, of course, environmental-friendly gases. The air has so far been used in an air-blast circuit breaker as the arc quenching medium, although it has much weaker arc quenching capability than SF6 gas. However, few engineers tried to find the optimum admixture ratio of N2/O2 for the purpose of arc interruption.
The present research aims to find an N2/O2 admix ture ratio adequate to the arc quenching in a circuit breaker from the view point of thermodynamics. For this purpose, it is greatly required to obtain the ther modynamic and transport properties of N2/O2 mix tures. In this paper, therefore, numerical calculations were performed to derive thermodynamic and trans port properties such as mass density, enthalpy, specific heat, electrical and thermal conductivities and radiation power of N2/O2 mixture plasmas at different admixture ratios on the assumption of thermal equilibrium. First, equilibrium compositions of N2/O2 plasma at different admixture ratios were calculated. Secondly, their ther modynamic and transport properties were theoretically derived. Finally, using the properties thus derived, tem perature distributions of a wall-stabilized arc in steady state were predicted for different admixture ratios of N2/O2 in order to investigate fundamental feature of the arc before current zero. where XN2 and XO2 are the concentrations of nitrogen and oxygen, respectively, nj is the number density of species j. These equations were simultaneously solved using Newton-Raphson method in temperature range of T=300-30 000 K, for XN2 from 0 to 100% and pres sure P from 0.1 to 2 MPa. The case of XN2=78% cor responds to the pure dry air. Figure 1 indicates the equilibrium composition of N2/O2 plasma at an admixture ratio of 80% N2-20% O2 and at a pressure of 0.1 MPa as an example. As seen in Fig.1 , N2 and O2 dissociate with temperature T to be N and O atoms. At the same time, N and O combine to produce NO. The molecule NO mainly emits electrons at temperatures up to 8000 K because of its lowest ion ization potential of 9.26 eV among all species in N2/O2 plasmas (11) Figure 5 shows Cp for N2/O2 plasma at P=0.5 MPa. We can notice two remarkable peaks in Cp, around T=4200 and 7500 K. They result from the requirement of energy for dissociating O2 and N2, respectively, as discussed in the previous section of h. The peak around T=17 200 K is due to ionizations of N and O. In Fig.6 pressure dependence of Cp is demonstrated for 50% N2-50% O2 plasma. At higher pressure, the O2 and N2 dissociation peaks and the O and N ionization peaks are shifted to higher temperatures, and lower maximum values are obtained. This is due to the fact that the fraction of dissociated and ionized particles in the gas decreases with rising pressure according to GuldbergWaage's and Saha's equations(8).
Transport properties 4.1 Collision integrals
The Chapman-Enskog formula for calculating electrical and thermal conduc tivities requires data on the collision integrals classified quantity Prad for pure N2 plasma at a pressure of 0.1 MPa derived in this paper was confirmed to have similar value to that calculated by Gleizes in the case that no self-absorption was taken into account (5). From Fig.11 , we can find that Prad increases with XN2, in the tem perature range above 7000 K since emission coefficients of N and N+ spectral lines in the ultraviolet wavelength region, which are dominant components of Prad, rises with XN2.
6. Temperature distribution in a wall-stabilized arc in steady state
For the purpose of investigating the arc interruption characteristics, it is useful to understand features of the wall-stabilized arcs. A wall-stabilized arc in steady state was assumed to be governed by the following relation ship:
where E is the electric field strength, I is the current, r wall is the radius of the wall and G is the conductance for a 1-m long arc. The above equations were solved by iterative method to find the effect of admixture ratio of N2/O2 on the temperature distribution of a wall stabilized arc in steady state. The wall radius rwall and the temperature at the wall boundary were set to be 2.5mm and 300 K, respectively. The value of current I was fixed to 20 Adc, as an example, because it is im portant to investigate the important and fundamental characteristics of the arc at several micro-seconds be fore current zero in the high current interruption . In this calculation, any self-absorption was neglected for 
